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MAGNETIC SENSOR FOR DISTRIBUTORLESS
IGNITION SYSTEM AND POSITION SENSING

RELATED APPLICATION

This is 2 Continuation- -in-part of our copending appli-
cation Ser. No. 105,697, Filed Dec. 20, 1979, entitled
‘"‘Magnetic Sensor for Distributorless Igmtlon System”,
now abandoned.

BACKGROUND OF THE INVENTION

This invention relates generally to a distributorless
and contactless ignition system useable in an internal
combustion engine and particularly to a magnetic sen-
sor employing a Hall-effect device operatively con-
nected to an engine crankshaft to enable sensmg the
rotative position thereof. -

Igmtlﬁn systems for modern lnternal combustion
engines often employ a contactless distributor circuit
which produces a predetermined series of output pulses
suitable for firing the spark plugs of the engine in a
predetermined firing order sequence. In such circuits
passive sensors such as variable reluctance magnetic
elements are positioned within the distributor to thresh-
hold detect or zero crossing detect a waveform gener-
- ated by a passing lobe, notch or tooth formed of appro-
priate material and which is connected to the rotatable
distributor shaft. Distributorless ignition systems are
‘also. known in the prior art wherein a large plurality of

magnetic responsive elements produce unidirectional
- pulses from magnetic fields. Typically, two or more
magnetic sensor elements are utilized in applications
‘wherein a first sensor provides a reference pulse and a

second sensor generates a large plurality of other re-

lated timing pulses. Alternatlvely, each of two pickups
or transmitters used in conjunction with a disc having a
large plurality of teeth or gaps are applied, respectively,
to differing encoding elements utilizing four stage bi-
nary counting to produce the requisite firing order sig-
- nals. Such lgmtlon systems, when utilizing the distribu-
tor concept, incur the inherent additional weight, radio
frequency interference, mechanical complexities, and
propensity for misadjustment and tampering involved
with the incorporation: of a distributor in the ignition
system. In distributorless systems, in addition to the
above reasons, the plural magnetiCc sensors increase
system costs and complemty

SUMMARY OF THE INVENTION

Accordingly, it is an object of the present invention
to provide a sensing device responsive to the angular
position of a rotating engine shaft such as a crankshaft
or camshaft and which generates a sequence of output
pulses indicative of the engine ﬁrmg order without the
use of a distributor. Another object is to provide a con-
tactless 1gn1t10n system. Yet another object of the pres-
“ent mvention is to provide a magnetic sensor for a dis-
tributoriess ignition system which utilizes a single Hall-
effect device concurrently responswe to dual opposing
magnetic fields. Another object is to provide two Hall-
effect sensors spaced on either side of a magnet and to
~provide magnetic field shunting members which pass
through the spaces between the magnet and the sensors
as the shaft is rotating to provide a two digit blnary
output to indicate predetermlned shaft rotational posi-
tions. Still another object is to provide a magnetic sen-
sor for use in a distributorless ignition system which
- resists tampering and minimizes radio frequency inter-
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ference (RFI). A further object is to provide a sensor
for detecting linear position and movement between
reciprocating members.

Briefly, these and other objects are accomplished in
one embodiment by a single Hall-effect device which is
Spaced equidistantly and intermediately of a pair of
opposing permanent magnets for concurrently sensing
variations in dual magnetic flux fields generated within
respective radially spaced air gap regions formed be-
tween each of the magnets and the device. A toothed
disk having radially spaced teeth is connected to a rotat-
able shaft of the engine and causes teeth of differing
radial p031t10n to rotate through each of the air gap
regions in a predetermined sequence for generating
pulses at the device output indicative of the firing order
sequence of the engine cylinders. In a second embodi-
ment, a magnet is placed between and radially spaced
from two Hall-effect sensors and a disk having an outer
rim and a radlally spaced inner rim, with notches

- formed in each rim is rotated by the shaft, with a rim
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passing between the magnet and the sensors, periodi-
cally shunting the magnetic field between the magnet
and the sensors. The output pulses are transmitted to a
mlcmprocessor which advances or delays the timing of
the pulses in accordance with engine speed and which
provides output pulses to coil driving circuits and spark
coils for firing of the respective cylinders. In another
embodiment, a linear channel shaped member has
notched sides movable, respectively, between a magnet
and Hall-effect sensor combination, for detecting mo-
tion and position relative the channel.

For a better understanding of these and other:aspects
of the invention, references may be made to the follow-
ing detailed description taken in conjunction with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a top plan view and block diagram, respec-
tively, of the magnetic sensor apparatus and associated
electronic circuitry for an ignition system made accord-
ing to the present invention;

FIG. 2 is a front elevation view taken along the line
2—2 of FIG. 1 of the toothed shunt disk of the sensor
apparatus of the invention; |

FIG. 3 is a front elevation view of a portion of the
magnetic field generating and sensing elements of the
sensor apparatus according to the present invention;

FIG. 4 is a schematic block diagram of the Hall-effect
device used in the sensor of the present invention:

F1G. S 1s a graph of output waveforms generated by
the Hall-effect device of FIG. 4:

FIG. 6 1s a front elevation view of an alternate form
shunt disk according to the present invention;

FI1G. 7 1s a side elevation view of the shunt dlSk taken
along the line 7—7 shown in FIG. 6:

F1G. 8 1s a view of an embodiment having two Hall-
effect devices and a magnet placed therebetween:

F1G. 9 is a section taken along line 9—9 of FIG. 8:

FIG. 10 1s a section similar to FIG. 9 with shunting
rims between each sensor and the magnet;

F1G. 11 1s a section similar to FIG. 9 with a shunting
rim between one sensor and a magnet:

FIG. 12 is a section similar to FIG. 9 with a shunting
rim between the other sensor and the magnet;

FIG. 13 is a section similar to FIG. 9 with notches
between both sensors and the magnet;
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FIG. 14 is a perspective view of ‘a channel having
notched sides usable in an embodiment for detecting
linear pOSlthIl and motion;

FIG. 15 is a side elevatmnal view of an embodiment
for detecting linear motion utilizing the channel of FIG.
14; and

FIG. 16 1s a view taken at 16—16 of FIG. 15

DESCRIPTION OF THE PREFERRED
EMBODIMENT

In FIG. 1 there 1s illustrated a magnetic sensor 10
connected to a spark generating circuit 12. Within the
magnetic sensor 10 there is positioned a Hall-effect
device 14 spaced equidistant between a pair of opposing
permanent magnets 16a, 1656. The Hall-effect device 14
and the magnets 164, 160 are all commonly positioned
in a linear arrangement on one surface of a support
member 18. The magnets 164, 165 are further supported
on the member 18 by means of “C” shaped support
element 20 which extends in back of and through the
support member 18 so as to provide extension elements
adjacent each of the magnets 164, 165 to provide sup-
port and bonding thereto. The assembly comprising the
Hall-effect device 14, magnets 16aq, 160 and support
element 20, as positioned on the support member 18, is
stattonary and connected to an appropriate place on the
engine block 22. A moveable shunt member 24 shown
as a rotatable toothed disk is connected to a rotatable
shaft 26 such as a crankshaft or a camshaft. Positioned
on the movable member 24 are a pair of teeth 28a, 285,
formed of ferrous material. The tooth 28« is positioned
on the member 24 so that as the member 24 rotates in
accordance with the movement of the shaft 26, tooth
28a 1s caused to pass in the region between magnet 16a
and the Hall-effect device 14. Similarly, tooth 285 is
positioned on the movable member 24 so as to pass in
the region between the magnet 165 and the other side of
the Hall-effect device 14.

The device 14 provides a pair of output lines to the
inputs of a microprocessor 30 contained within the
spark generating circuit 12. The microprocessor 30
provides a pair of output lines, one of which is con-
nected to the input of a coil driver 32 which provides an
output to a spark coil 36 whose outputs are adapted to
be connected to the spark plugs of cylinders number 1
and 4 of a four cylinder internal combustion engine (not
shown). Simailarly, the other output of the microproces-
sor 30 1s connected to the input of a coil driver 34 whose
output 1s connected to a spark coil 38 which provides
output signals to the spark plugs of cylinders number 3
and 2 of the engine.

Referrmg now to FIG. 2 there is shown a front eleva-
tion view of the movable member 24 taken along the
lines 2—2 noted in FIG. 1. As now can be more clearly
seen the member 24 is in the form of a ferrous disk
having the teeth 28a, 285 positioned thereon at distinc-
tively different radii so as to insure passage of the tooth
284 intermediate device 14 and magnet 164 and passage
of the tooth 28) intermediate device 14 and magnet 165.

Referring now to FIG. 3, there is shown an elevation
view of a portion of the support member 18 and the
associated Hall-effect device 14, the magnets 16a, 165,
and the extended portions of the support element 20.
More clearly shown are the polarizations of the mag-
nets 164, 165, and by way of example, the magnets are
shown with the south poles thereof facing opposite
parallel sufaces of the device 14 in opposing fashion.
Alternatively, the magnets 16a and 166 may also be
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positioned so that the north poles thereof face the op-
posing surfaces of the device 14.

FIG. 4 illustrates a schematic block diagram of the
circuitry associated with the Hall-effect device 14. Such
circuitry, though shown as discrete elements within the
diagram, most preferrably are combined in the pre-
ferred embodiment in a single monolithic integrated
circuit chip inclusive of all the elements shown within
the dotted lines of the figure. As an integrated embodi-
ment the Hall-effect device 14 1s essentially a four lead
device having an input voltage V1 connection, a ground
connection, and two output signal leads for carrying
output signals which will be described in further detail
hereinafter. The device 14 includes a Hall-effect ele-
ment 40 having a pair of output lines connected to the
differential inputs of a first differential amplifier 42. The
output of amplifier 42 is connected to the input of a first
Schmitt trigger 44 which drives the base of a first out-
put transistor 46 whose collector forms one of the out-
put signal leads of the device 14. Similarly, and con-
nected in common with the output leads of the Hall-
effect element 40 but in reverse polarity, are the. inputs
of a second differential amplifier 48 whose output is
connected to a second Schmitt trigger 50 which drives
the base of second output transistor 52 whose collector
forms the second output signal lead of the device 14.

FIG. 5 i1s a timing diagram of waveforms of output
signals A and B produced, respectively, at the collector
output leads of output transistors 46, 52 within the de-
vice 14. The timing diagram is representative of the
firing order sequence required in a four cylinder inter-
nal combustion engine havin g a waste spark ignition
system. -

FIG. 6 is a front elevation view of an alternate form

of the movable member 24 shown in FIGS. 1 and 2. In
contrast to the toothed disk form, the movable member

shown in FIG. 6 is an assembly of interconnected circu-
lar ferrous disks 56 and 58, each having substantially
orthogonal ferrous sidewalls or rims 57, §9, respec-
tively, formed around the periphery thereof in coaxial
relationship with the other. The coaxially aligned side-
walls of the disks 56, 58 each have a notch formed
therein with a notch 60 formed in the sidewall 57 of disk
56 and a notch 62 formed in the sidewall 59 of disk 58.

Referring now to FIG. 7 there is shown a side eleva-
tional view taken along the line 7—7 shown in FIG. 6.
More clearly shown is a portion of the sidewall 57 of the
disk §6 with associated notch 60 formed therein. Since,
in this example, the notches are not aligned with one
another, a portion of the sidewall 59 of disk 58 is viewed
through the notch 60.

Operation of the magnetic sensor as used within the
distributorless ignition system will now be discussed
with reference to FIGS. 1 through 5. Referring again to
FIG. 1, 1t will be seen that as the movable member 24
rotates with the shaft 26, it causes the teeth 28z and 285
to pass, respectively, and at predetermined times in the
regions between the magnet 16a and the Hall-effect
device 14 and between the magnet 16b and the device
14. When either the inner tooth 28a or outer tooth 285
of the movable member 24 passes between the respec-
tive magnet and the Hall-effect device, the field gener-
ated by that magnet is shunted and the opposing mag-
netic field overbalances the Hall-effect device and
causes a pulse output to be generated on one of the
respective output lines as noted in waveforms A and B

of FIG. §. The Hall-effect element 40 noted in FIG. 4,
when shunted from the effects of a corresponding mag-
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net 164, 165 by one or the other of the ferrous teeth 284,
280, provides a differential output signal to the inputs of
the differential amplifiers 42, 48. Amplifier 42, in the
preferred embodiment, is connected to the element 40
“such as to process positive flux changes experienced by
the Hall-effect element 40 and which changes are con-
verted by the amplifier 42 into a positive polarity output
signal which is transmitted to the input of the Schmitt
trigger 44 for pulse shaping and squaring purposes. The
shaped positive output pulse from . trigger 44 is con-
nected to one input of the microprocessor 30 by means
of the output transistor 46. Similarly, differential ampli-
fier 48 responds to negative flux changes experienced
by the element 40 and converts the negative flux output
signal from the element into a positive going output
pulse which is shaped by Schmitt trigger 50 and trans-
- mitted to another input of the microprocessor 30 by
means of driving transistor 52. In this manner, a single
Hall-effect element concurrently responds to the pas-
sage of each of the ferrous teeth 284, 285 positioned in
the movable member 24 and differentiates between the
‘teeth -as exhibited by either a positive or negative flux
change in the field generated by the magnets and varied
by the passage of the teéth through such fields.

The width of the respective pulses generated at the
outputs A and B of the Hall-effect device 14 is predeter-
mined by adjusting the respective lengths of the teeth,
thus controlling the period of time over which the re-
spective flux field is shunted. The main criteria for de-
termination of pulse width is related to the desired

quired for retard or advance of the firing signal. In the
-preferred embodiment, a pulse width of approximately
40° arc angle from the center of the movable member 24
was found to be most effective.

In the preferred embodiment, the magnetic sensor
and associated - circuitry are configured for operation
~ with the crankshaft of a four cylinder internal combus-
- tion engine. In this case and since there are only two

- pairs of cylinders, only two pulses are needed to be

. generated 180" out of phase with respect to each other.
Accordingly, the pulse generation is implemented by
- affixing two teeth 284, 285 on the surface of the mov-

~able member 24 in diametrically opposite positions 180°

~out of shaft angle position with each other. As the

.
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coil 36. At the next succeeding positive edge of the
pulse (approximately 40° shaft rotation later), spark coil
36 simultaneously provides firing signals to cylinders 1
and 4. Similarly, and noting waveform B, pulses are
generated 180° shaft angle rotation later and spark coil
38 simultaneously turns on and fires cylinders 3 and 2.

The preferred embodiment illustrated in FIG. 1 illus-
trates the concurrent generation and transmission of
firing signals to cylinder numbers 1 and 4 or to cylinder
numbers 3 and 2. The high voltage ignition output pulse
from each of the spark coils 36, 38 is supplied to a prese-
lected and respective pair of cylinders such that each
cylinder of a given pair simuitaneously receives high
voltage ignition pulses and each different pair of cylin-
ders alternately receives high voltage ignition pulses at
180° intervals. This type of ignition circuitry is genet-
ally known as a waste spark ignition system. Ignition
timing and selection of cylinder pairs are such that for a
given: pair of cylinders, an ignition pulse is supplied
when, for example, one cylinder of a given pair is at the

- end of its compression stroke while the other cylinder
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crankshaft rotates, the teeth 282 and 286 will cause .

respective signals to be generated by the Hall-effect
element 40 in a 180° timing relationship and which sig-
nals are later processed and shaped by the differential
amplifiers 42, 48 and Schmitt triggers 44, 50 to provide
output pulses from driving transistors 46, 52 to produce
output waveform signals as shown in FIG. 5. |

Although shown in the preferred embodiment as a
circular disk, it will be obvious to those skilled in the art
- that the member 24 may be fashioned in any convenient
form such as a simple flat extension designed to support
the teeth 284, 285 and to cause the teeth to pass through
the respective magnetic field regions.

FIG. § illustrates typical waveform output signals A,
- B formed at the collector outputs of transistors 46, 52.
The waveforms each illustrate a series of pulses wherein
each waveform generates a pulse series having a 180°
shaft angle rotation difference with respect to the other.
The negative-going .edge .of the pulses indicates the
turn-on time for the associated spark coil and the posi-
tive-going edge indicates the firing time of the cylinder.
In waveform A and at 0° shaft angle rotation, the nega-
tive-going pulse edge indicates the energization.of spark
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of the pair is at the end of its exhaust stroke. Thus, in a

four cylinder engine whose firing order -sequence is
1-3-4-2, a first pair of cylinders 1 and 4 are simulta-
neously supplied with the high voltage ignition pulse
(firing 1) and at 180° angle of shaft rotation later, a
second pair of cylinders 3 and 2 is so supplied (firing 3).
The timing and high voltage pulse generation process
continues firing in sequence the remaining cylinders 4
and 2. o L

FIGS..6 and 7 note an alternate embodiment of the
toothed disk shown in FIGS. 1 and 2. The same sensing
effects experienced by the Hall-effect element 40 when
working in conjunction with a toothed movable shunt
member 24 can be duplicated by the notched disks 56,
58 shown in FIGS. 6 and 7. Disk 56 has circular rim 57
with arcuate notch 60 and disk 58 has coaxial circular
rim §9 with arcuate notch 62, displaced 180° from notch
60. In this implementation, however, the circuitry of
FIG. 4 will operate so as to note the presence of the
non-shunting notches 60, 62 when the respective move-
able members are in a rotational position so that the
notches are in their respective air gap regions, thereby
creating an imbalance in the opposing magnetic. flux
fields. | |

Referring to FIGS. 8 and 9, in a further embodiment,
two Hall-effect sensors and one magnet are utilized.

Hall-effect sensors 70, 72 are radially spaced on the

aforementioned non-magnetic bracket 18 and supported
thereagainst by the aforementioned C-shaped non-mag-
netic support element 20, which is mounted in the man-
ner and as shown in FIG. 1. Permanent magnet 74 is
supported on bracket 18, as by cementing or other suit-
able means, between sensors 70, 72, with radial regions
or gaps 76, 78 being between magnet 74 and sensors 70,

72 respectively. A magnetic field having flux paths 80q,

800 shown diagrammatically, permeates regions 76, 78
and sensors 70, 72. | |

Referring to FIG. 9, sensors 70, 72 each have leads
connected to a voltage supply terminal 86 and to
ground 88. Sensor 70 has output leads 90, 92 and sensor
72 has output leads 94, 96. Sensor devices having three
leads for voltage supply, ground, and output may be
utthzed, such as manufactured by Sprague Electric
Company, part no. UGS-3020T. The output across
leads 90, 92 corresponds to the output on lead A for the
embodiment of FIGS. 1-5 and the output across 94, 96
corresponds to the output on lead B of that embodi-
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ment. Leads 90, 92, 94, and 96 may be connected di-
rectly to processing circuitry 12, after suitable shaping,
as by Schmitt trigger circuits, which can be performed
by integrated circuitry packaged with the Hall-effect
sensor 70, 72, or to the circuitry disclosed in copending
application incorporated herein by reference entitled
“Rotational Position and Velocity Sensing Apparatus”
Ser. No. 06/223,779, filed Jan. 9, 1981 by Gary R. Nich-
ols and John J. Kozlowski, Jr. now U.S. Pat. No.
- 4,373,486. As will become apparent, when the field in
‘space 76 is shunted, the output of sensor 70 will change
-and when the field is space 78 is shunted, the output of
sensor ‘72 will change. The embodiment of FIGS. 8, 9
may be used with disk 24 or disks 56, 58, and will be
next described in connection with disk 24.

Referring to FIGS. 2, 5 and 9, tooth 284 is radlally
positioned from the axis 27 of shaft 26 a distance equal
to the: radial location of gap 78 and passes freely
through gap 78 upon rotation of shaft 26. Tooth 285 1s
radially positioned from axis 27 a distance equal to the
radial location of gap 76 and similarly passes through
gap 76 upon rotation of shaft 26.. As tooth 28a passes
through gap 78, the output of sensor 72 i1s.changed from
a high level, or binary “1”, to a low level, or binary “07,
as shown by waveform A in FIG. 5. As tooth 28b passes
through gap 76, the output of sensor 70 changes from a
high level or binary “1”, to a low level, or binary “0”,

as shown in waveform B of FIG. 5. Thus, every 360° of

shaft 26 rotation, a “0”* pulse is provided to processor 12
on lead A and, at a 180° phase difference, a “0” pulse 1s
provided to processor 12 on lead B every 360" rotation
of shaft 26. Differential amplifiers 46, 48 in this embodi-
ment are unnecessary to pl‘O‘Vlde the desired. pulse direc-
tion.

FIGS. 8 and 9 and operate in a similar manner with the
exception that the sensors 70, 72 have their outputs
shunted when rims 87, 59 are in gaps 76, 78, respec-
tively, and therefore would have a low, or binary “0”,
output. When notches 60, 62 are in gaps 76, 78 the out-
puts of sensors 70, 72 will be high, or binary “1”. The
waveforms of FIG. § may be obtained by inverting the
sensor 70, 72 outputs in any manner known to the art.
For example, in the aforementioned Sprague sensor
monolithic circuitry is available in the sensor package
which inverts the outputs. Further, the waveforms of
FIG. § may be inverted t0 meet the requirements of a
particular mlcroprocessor 30 to provide the desued coil
drives.

By modifying the notch placements in the rims 5‘7 59
four two digit binary outputs 0,0; 0,1; 1,0; and 1,1 may
- be obtained. In FIGS. 10-13, notches 60, 62 are posi-
tioned in rims 57, 59, respectively, to achieve the indi-
cated and desired outputs. In FIG. 10 the field between
sensors 70, 72 and magnet 74 is shunted by rims §7, §9,
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respectively, and flux paths 804, 806 are shunted and

pass through rims §7, 59, and disks 56, 58, respectively,

for a first rotative position of the shaft. Thus no flux

passes through sensors 70, 72 and their respective out-
puts are low, or a binary “0”, As previously mentioned,
the high outputs under the no-flux condition in the
sensors may be achieved in the FIGS. 10-13 examples
by inverting the sensor outputs, or by conventional
circuit methods known to the art.

In FIG. 11, for a second rotative position of the shaft
26, the field between magnet 74 and sensor 70 is shunted
by rim §7 while the field between magnet. 74 and sensor
72 is not shunted, since notch 62 is positioned therebe-

65
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tween. The binary output of sensors 70, 72 for this sec-
ond rotative position of the shaft i1s “0,1”.

In FIG. 12, a third rotative position of the shaft posi-
tions notch 60 between magnet 74 and sensor 70 allow-
ing paths 80z and 806 to pass through sensor 70, while
rim 59 is positioned between magnet 74 and sensor 72
and shunts paths 80a and 805 from sensor 72 to provide
a binary output of “1,0”. : |

In FIG. 13, a fourth rotative position of the shaft
positions notches 60, 62 at magnet 74 to provide a mag-
netic field through both sensors 70, 72 and provide a
binary output of “1,17,

Thus, by proper spacing of the notches 60, 62 in rims
57, 59 respectively, binary outputs of 1,1; 0,1; 1,0 and 0,0
are achieved in a relatively simple and durable con-
struction to provide indications of corresponding shaft
rotational positions. These outputs may be used to con-
trol engine functions, such as those disclosed and de-
scribed in the aforementioned Nichols and Kozlowski,
Jr. copending application.

It should be noted that although the preferred em-
bodiment has been illustrated with reference to a four
cylinder internal combustion engine the magnetic sen-
sor of the present invention may also be implemented
for use with other combinations of cylinders. For exam-
ple, in a six cylinder engine, implementation would
incorporate the positioning of three teeth or notches
spaced about the movable member in a 120° angular
spacing relationship. Similarly, an eight cylinder engine
would require the implementation of four teeth or
notches positioned on the movable member and spaced
90° apart. With such configurations, including the four
cylinder configuration of the preferred embodiment,

‘one radius of the movable member positions only one

tooth or notch which functions as an “‘encoding” shunt
to both reference the beginning of the firing sequence

and to fire a selected pair of cylinders, and the other
radius positions the remaining teeth or notches which
function as “slave’ shunts to fire the remaining pairs of
cylinders. Those skilled in the art will recognize that
this basic scheme of one encoding shunt and one or
more other slave shunts may be implemeénted to operate
an odd-cylinder engine or uneven firing angles. Because
the present invention generates and processes a variety
of low voltage signals without a conventional distribu-
tor, the length of the high tension leads may be consider-
ably shortened and the spark coils mounted relatively
close to the spark plugs to minimize RFI. Also, the
stationary mountlng of the sensor apparatus and elec-
tronic processing of pulses in non-ad_]ustable and dis-
courages tampering with engine emission settings.

It should be noted that although the sensors shown in
FIGS. 3 and 8 have been described and illustrated with
reference to use in internal combustion engines and the
like for sensing angular shaft positions, they may also be
used in sense linear positions of a movable or reciprocat-
ing member relative to the sensor. One such linear ap-
plication is the sensing of the vertical displacement of a
vehicular body relative to the axle of the vehicle under

» various cargo Ioading conditions of the vehicle to adjust

the. vehicle suspension mechanism to compensate for
the load.

Referring to FIGS. 14-16, apparatus for sensing rela-
tive linear motion :between two parts will be described.
As in the embodiments of FIGS. 8-13, magnet 74 is
affixed to bracket 18 and Hall-effect sensors 70, 72 are
supported by the arms of C-shaped support 20, defining
regions 76, 78, respectively, with magnet 74. Support 20
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s secured to bracket 18 which is mounted to, and mov-
able with, one of the parts, not shown, but which may
be one of a vehicle body and a wheel axle. The electri-
cal connections to, and input and sensing circuitry for,
sensors 70, 72 are not shown but may be as in the previ-
ous embodiment. The sensing circuitry would be modi-
fied to provide the desired outputs. |
U-shaped in cross section ferrous elongated channel
82 has sides 84, 86. Channel 82 is attached to, as with
bolts 83, and movable with the other of the vehicle
body and axle, and is positioned so that sides 84, 86 are
movable in regions 76, 78, respectively, during relative
movement between the body and axle. Side 84 has
notch 88, ‘defined by edges 884, 88/ and side 86 has
notch 90, defined by edges 90a, 905, and notch 92, de-
fined by notches 924, 92b. Thus, as channel 84 moves

longitudinally relative sensors 70, 72, output waveforms

are generated
between. _ . -

Referring to FIG. 15, the outputs of sensors 70, 72
when positioned on line A would respectively be 0,0,
since the magnetic flux in both regions 76, 78 are
shunted; when positioned on line B, the outputs would
~respectively be 0,1, since region 76 is shunted and re-
~ gion 78 is not; when positioned ‘on line C, the outputs
would be 1,0; and when positioned on line D, the out-
puts would be 1,1. Thus, a two digit binary signal is
~provided to indicate relative linear position between
two parts, such as a wheel and axle. o
- Itis also possible to invert each of waveforms A, B by
interchanging the notches and rim portions. Thus, by
placing a rim portion where there is a notch, and plac-
ing a notch where there is a rim portion, the outputs
would be inverted,

- Thus, there may be seen that there has been provided

a magnetic sensor apparatus useable in distributorless
and contactless ignition systems as well as a linear posi-
tion detecting apparatus to detect the relative position
of a wheel and axle. Obviously, many modifications and
variations of the invention are possible in light of the
above teachings. For example, the magnetic' sensor
apparatus may be used for fuel metering applications in
an internal combustion engine. As illustrated, the Hall-
effect device may sense the position and speed: of the
rotating shaft as encoded by the placement of shunting
teeth or notches thereon and then process such informa-
tion to provide for fuel metering and distribution to
respective cylinders of an engine in a predetermined
sequence suitable for fuel injection purposes.

Various combinations of shunts and gaps may be
provided to obtain desired outputs. Multiple digit bi-
nary codes, including two digit outputs, may be pro-
vided by utilizing multiple shunting members, such as
notched rims or channel sides, and a corresponding
number of magnets and sensor devices to sense the
presence and absence of each notch. The magnets and
S€nsors may conveniently be supported in a single pack-
age in substantial alignment along a line transverse to
the notched rims or sides. For example, for a three digit
binary signal, three rims or sides, with associated field
producing means and sensor means, would be utilized.
The invention may also be used in a variety of applica-
tions wherein it is desired to monitor or indicate gener-
ally the angular position of a rotating shaft within an
apparatus or machine. It is therefore to be understood
that within the scope of the appended claims the inven-

tion may be practiced otherwise than as specifically
- described. |

to indicate relative linear positions there-
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What 1s claimed is: ) |

1. Apparatus for indicating the relative position be-
tween first and second parts that are movable relative
one another comprising:

magnetic means having north and south poles for

~ providing a magnetic field flux path between said
north and south poles; |

sensor means for sensing the magnetic flux in said

- path and providing a signal corresponding to the
sensed magnetic flux;

mounting means for mounting said magnetic means

and sensor means in spaced relation substantially
along a line that is substantially transverse to the
direction of instantaneous relative movement be-
tween a point on said first part and a point on said
second part to form first and second open regions
along said line between said magnetic means and
said sensor means, each of said regions being de-
fined in the transverse direction by said magnetic
means north or south poles and said sensor means,
whereby said magnetic flux path has substantially
- its maximum flux concentration in said first and
~second regions; I
sald mounting means for mounting said magnetic
~ means and said sensor means in fixed relation to the
first of said parts; |

shunt means being carried by the second of said parts

~and having first and second transversely spaced

shunting members movable in said direction of
relative movement through said first and second
regions respectively for shunting the flux in said
-path in each of said first and second regions,

- whereby when said first member shunts the flux in
said first region said sensor means will produce a
first signal level change and when said second
member shunts the flux in said second region said
sensor means will produce a second signal level
change.

2. The apparatus of claim 1 wherein said apparatus is
for indicating the rotational position of a shaft rotatable
about the shaft axis in a machine; said machine being
said first part and said shaft being said second part and
said direction of instantaneous relative movement being

the instantaneous movement in a tangential direction of

a point on the shaft perimeter relative a point on the
machine:
said first and second regions being radially spaced
from the shaft axis; | .
said shunt means being rotatably driven by said shaft
and said first and second shunting members being
radially spaced from said axis and movable periodi-
cally through said first and second regions, respec-
tively;
said sensor means first signal level change occurring
at a first shaft rotational position and said second
signal level change occurring at a second shaft
rotational position.

- 3. The apparatus of claim 2 wherein the machine is an
internal combustion engine and including circuit means
having an input and an output for receiving said first
and second signals at its input and providing at its out-
put a signal for energizing a plurality of spark coils to
generate spark signals for the internal combustion en-
gine. |

4. The apparatus of claim 2 wherein said sensor means
comprises first and second sensors radially spaced from
the shaft axis and positioned in said flux path, whereby
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the flux in said path passes through said first and second
SEeNSsOrs;
said first shunting member being radially positioned
from the shaft axis to pass through said first region
upon shaft rotation and intercept the flux in the
path to said first sensor and shunt the flux away
from the first sensor;
said second shunting member being radially posi-
tioned from the shaft axis to pass through said
second region upon shaft rotation and intercept the
flux in the path to said second sensor and shunt the

. flux away from the second sensor.

5. The apparatus of claim 1 wherein said sensor means
provides a first two digit binary signal when said first
member is in said first region and said second member i1s
not in said second region; and

said sensor means provides a second two digit binary

signal when said" first member is not in said first
region and said second member is in said second
region.

6. The apparatus of claim 5 wherein said sensor means
provides a third two digit binary signal when said first
and second members are in said first and second regions,
respectively; and for providing a fourth two digit bi-
nary signal when said first and second members are not
in said first and second regions respectively.

7. The apparatus of claim 6 wherein each one of said
four binary signals comprise a different one of 0,0; 0,1;
1,0; and 1,1 logic signals.

8. The apparatus of claim 4 wherem said magnetic
means comprises a permanent magnet having radially
spaced north and south poles radially spaced from the
shaft axis;

said first sensor comprising a Hall-effect sensor radi-

ally spaced from said north pole to radially define
said first region therebetween and said second sen-
sor comprising a Hall-effect sensor radially spaced
from said south pole to radially define said second
region therebetween;

said first shunt member comprising a magnetic field

shunting member member being radially positioned
at a first radius to pass through said first region and
said second shunt member comprising a magnetic
field shunting member being radially positioned at
a second radius to pass through said second region.

9. The apparatus of claim 8 wherein said shunting
means comprises a disk of ferrous material, said disk
being affixed to and rotatable with said shaft;

said first shunting member comprising a first circular

ferrous rim having a first radius from said shaft axis
and projecting from a surface of said disk and hav-
ing at least one arcuate notch formed therein,
whereby when said first rim is in said first region,
said flux in said first path will be shunted and when
said notch is in said first region said flux will not be
shunted;

said second shuntmg member comprising a second

circular ferrous rim having a second radius from
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said shaft axis and projecting from said surface of 60

saild disk and having at least one arcuate notch

formed therein, whereby when said second rim 1s

1n said second region, said flux in said second path

will be shunted and when said second rim notch is

in said second region, said flux in said second path
will not be shunted.

10. The apparatus of claim 2 wherein said magnetic

means 1s for providing a magnetic field having first and

65
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second flux paths in said first and second regions, re-
spectively;
said first path having flux in one direction and said
second path having flux in an opposite direction;

said sensor means comprising a magnetic field sensor
being radially positioned intermediately of and
receiving flux from both of said first and second
paths;

said first shunting member being radially positioned

to pass through said first region upon shaft rotation
and to intercept and shunt the flux in said first path
away from said sensor means and said second
shunting member being radially positioned to pass
through said second regton upon shaft rotation and
to intercept and shunt the flux in said second path
away from said sensor means.

11. The apparatus of claim 1 wherein said apparatus is
for indicating the linear position between first and sec-
ond linearly reciprocating parts;

said sensor means being attached to the first part;

an elongated U-shaped in cross section channel at-

tached to the second part;

sald channel having transversely spaced elongated

- first and second sides of magnetic field shunting

material;
each of said sides having notches of predetermined
length and position formed therein, with side por-
tions being between said notches; said shunting
members comprising said portions of said first and
second sides, said portions being longitudinally
movable through said first and second regions,
respectively, for shunting said flux in said path in-
each of said first and second regions.
12. The apparatus of claim 1, wherein said first and
second parts are movable relatively one another in a
linear direction and said apparatus is for indicating the
relative linear position therebetween.
13. The apparatus of claim 12 wherein said shunt
means comprises a channel having a U-shaped cross
section and being of a selected magnetic field shuntlng
material;
said shuntlng members comprising first and second
‘opposite sides of said channel;

at least one of said sides having a sectioned portion;
said portion movable into one of said regions when
a side is 1n the other of said regions;

said portion having a substantially lesser magnetic
field shunting property than said channel material
whereby when a side is in a first selected one of said
regions the flux path in said first selected region

. will be shunted and when a sectioned portion is in

a second selected one of said regions the path in
said second selected region will not be shunted.

14. The apparatus of claim 12 wherein said sensor
means comprises first and second transversely spaced
sensors positioned in said flux path whereby the flux in
said path can pass through said first and second sensors.

15. The apparatus of claim 14 wherein said first and
second sensors are Hall effect transducers.

16. A system for indicating the position of a rotatable
shaft in a machine comprising;:

magnetic means connected to the machine for pro-

ducing a pair of opposing magnetic fields within
selected regions;

shunt means connected to the rotatable shaft for pas-

sage through said regions and for periodically
varying selected ones of said fields in accordance
with the position of the shaft;
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s€nsor means connected to the machine positioned
Intermediate said magnetic fields and said regions
for producing output signals responsive to varia-
tions within respective ones of the fields caused by
shunting of said fields by said shunt means, said
output signals being indicative of the position of
the shaft; |

satd magnetic means includes a pair of permanent

magnets respectively positioned in radially spaced
relation to the shaft and having like poles in facing,
opposite relation to one another, said selected re-
gions being formed therebetween.

17. A shaft position indicating system according to
claim 16 wherein said sensor means includes a Hall-
effect sensor positioned intermediate and equidistant
said magnets for concurrently sensing variations in each
of said opposing magnetic fields. |

18. A shaft position indicating system according to
claim 17 wherein said magnets and said Hall-effect sen-
sor are positioned in a linear arrangement with each of
said regions being bounded by said sensor and a respec-
tive one of said magnets. R

19. A shaft position:indicating system according to
claim 18 wherein said shunt means includes at least two
teeth formed of ferrous material and operatively con-
nected to the shaft and mounted at differing radii there-
from for passage through respective ones of said regions
and for varying the associated fields.

20. A shaft position indicating system according to
claim 18 wherein said shunt means includes a disk of
- ferrous material connected to the shaft, said disk having
two sidewalls coaxially arranged at differing radii for

passage through respective ones of said regionsj; each of 3 |

said sidewalls having at least one notch formed therein
for varying the associated magnetic field.

21. A distributorless ignition system for an internal
combustion engine having a rotatable shaft and igniting
devices, comprising; o -

stationary magnet means connected to the engine for

producing a pair -of opposing magnetic ' fields
within selected first and second regions:

shunt means connected to the shaft for passage

through said regions and for periodically varying
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selected ones of said fields in accordance with the
position of the shaft: |

sensor means positioned between said first and second
regions and in said fields for producing output
signals responsive to variations within respective
ones of said fields caused by shunting of said fields
by said shunt means;

said shunt means passing between said sensor means

and said magnetic means: and

circuit means connected to receive said sensor means

output signals for supplying electrical impulses to
the igniting devices in accordance with the position
of the shaft. -

22. An ignition system according to claim 21 wherein
sald magnetic means includes a pair of permanent mag-
nets respectively positioned in opposing polarities and
forming said selected regions therebetween.

23. An ignition system according to claim 22 wherein
said sensor means includes a Hall-effect sensor posi-
tioned intermediate and equidistant said magnets for
concurrently sensing variations in each of said opposing
magnetic fields. il S |

24. An ignition system according to claim 23 wherein
said magnets and said Hall-effect sensor are positioned
In a linear arrangement with each of said regions being
bounded by said sensor and a respective one of said
magnets. o | |

25. An ignition system according to claim 24 wherein
said shunt means includes at least two teeth formed of
ferrous material and operatively connected to the shaft
and mounting at differing radii therefrom for passage
through respective ones of said regions and for varying
the associated magnetic fields. -

26. An ignition system according to claim 24 wherein
said shunt means includes a disk of ferrous material
connected to the shaft, said disk having two sidewalls
coaxially arranged with said shaft axis at differing radii
from said shaft axis for passage through respective ones

- of said regions, each of said sidewalls having at least one
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notch formed therein for varying the associated mag-
netic field. |
27. The apparatus of claim 11 wherein said first side
has one notch and said second side has two notches
positioned in their respective sides to provide binary
outputs of 0,0; 0,1; 1,0; and 1,1.
. - ¥ ¥
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